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Abstract 
This paper contains a discussion on different tools possible to be used while building a temporal knowledge base 
system, aimed at supporting organizational creativity. The main aim of the paper is to critically analyze the available 
tools, in the context of organizational creativity. Motivation for building a temporal system is presented, and possible 
tools are analyzed. Also presented are possible functionalities of a Logos system, currently in statu nascendi. 
Organizational creativity is a relatively new concept in the theory of management, which has partially arisen on the 
ground of knowledge management. The organizational creativity is to be perceived in the context of organizational 
dynamics, because it depends on the situational changes and is composed of processes. Thus while discussing the 
question of computer support for organizational creativity, the temporal aspects should not be omitted. 
Such a way of formulating this problem – underlining its dynamic aspect – justifies a proposal of using an intelligent 
system with a temporal knowledge base, as a tool supporting creation and development of organizational creativity, 
which is understood as organizational asset. The main aim of the paper is to critically analyze the available tools for 
building a temporal knowledge base system for supporting organizational creativity. The discussion is based on 
literature research, and on author’s research concerning temporal knowledge base systems. 
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1. Introduction 
Organizational creativity is a relatively new concept in the theory of management, which has partially arisen on the 
ground of knowledge management. 
There are many definitions of organizational creativity, but it is commonly perceived as a team, dynamic activity, 
responding to changing features of organization’s environment, a team process – see e.g. [1] [2].  
The organizational creativity is therefore to be perceived in the context of organizational dynamics, because it 
depends on the situational changes and is composed of processes. Thus while discussing the question of computer 
support for organizational creativity, the temporal aspects should not be omitted. 
Such a way of formulating this problem – underlining its dynamic aspect – justifies a proposal of using an intelligent 
system with a temporal knowledge base, as a tool supporting creation and development of organizational creativity, 
which is understood as organizational asset (see e.g. [3], [4]). 
By the system with a temporal knowledge base we will understand (slightly modifying the definition given in [5]) 
an artificial intelligence system, which explicitly per-forms temporal reasoning. Such a system contains not only fact 
base, rule base, and inference engine, but also directly addresses the question of time. For an intelligent system to be 
temporal, it should contain explicit time representations in its knowledge base – formalized by the means of temporal 
logics – and at least in the representation and reasoning layers. 
The main aim of the paper is to critically analyze the available tools, in the context of organizational creativity. The 
discussion is based on literature research, and on author’s research concerning temporal knowledge base systems. 
The paper is organized as follows. In section 2 motivation for implementing a temporal knowledge base system to 
support organizational creativity is presented. Special emphasis is put on temporal aspects and dynamics of this kind 
of creativity. Section 3 is devoted to presentation and critical analysis of possible tools for building and/or developing 
a temporal system. The last section contains summary, conclusions, and future research directions. 
2. Motivation 
While discussing the use of any computer tool, one has to take into account first of all the features of the domain 
to be supported. This applies also to systems with a temporal knowledge base and their application in supporting 
organizational creativity.  
Some elements that justify the use of an intelligent tool with direct time references, may be found in the definitions 
of organizational creativity: 
x [6] and [7] claim that the effects of organizational creativity encompass ideas and processes – which in our 
opinion should be referred to as creative knowledge. The knowledge is to be codified and stored in a knowledge 
base, and because it is a changing knowledge, the knowledge be should be a temporal one; 
x in the definition given by [8] the author points out that organizational creativity is more heuristic than algorithmic 
in nature (p. 33) – therefore it is not possible to use classical analytical tools, because heuristic tasks lack of 
algorithmic structure, they are complex and uncertain (see e.g. [9] p. 6); 
x [2] suggests that ideas born during creative processes (that is, the creative knowledge) must be adequate to the 
situation (p. 289). Therefore they have to change dynamically, because the situation of organization also 
constantly changes; 
x the changeability, dynamics, and process nature of organizational creativity, which justify its codification in a 
temporal knowledge base, are stressed in definitions given by [10], [11], [12], [13], [14]; 
x [1] point out that organizational creativity must be analyzed on individual, group, and organizational levels. This 
justifies the use of a knowledge base: if the creativity (its effects) is to penetrate between the levels, to support 
collaboration, a system with a temporal knowledge base enables such penetration; 
x the justification for using temporal formalisms for codifying of creative knowledge may be found in the 
definitions given by [15], and [16] where authors point out the badly structured nature of creative problems. One 
of temporal formalisms’ advantages is the possibility to formalize unstructured problems. 
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While reading many authors’ discussions on the essence of organizational creativity, one sees that this is primarily 
team activity. As it has been said above, the effect of this activity may be referred to as “creative knowledge”, which 
itself generates new ideas, concepts, and solutions. To do so, the creative knowledge must be first codified, and next 
disseminated. This justifies the use of a knowledge base system. But the creative knowledge changes in time, due to 
several reasons. 
First, organizational creativity is a process, therefore its effects are subject to change. Moreover, the process 
encompasses solving problems that also change, because the organization’s environment changes [5] p. 13-15, [17] 
p. 150 and next, 176 and next. 
Second, each knowledge – including the creative one – changes simply with the passage of time, with the flow of 
new information about objects [18]. 
Third, organizational creativity is linked with dynamics, which can be seen e.g. in the assets approach to this 
creativity or in the requirement of adapting creative knowledge to situational context. 
The assets view of organizational knowledge and creativity the dynamics is expressed by a constant improvement 
of these assets to keep up with the changes in organizations and their environment – see e.g.  [3]. In this way 
organizations adapt themselves to changes [4]. Such an adaptation occurs in time, therefore organizational creativity 
is connected with temporality. Moreover, assets must be developed up, therefore organizational creativity and its 
artifacts are dynamic.   
The efforts of capturing assets’ dynamics may be seen in such areas, as assets’ approach, dynamic econometrics – 
see e.g.  [19] or dynamic economics – see e.g. [20]. But these are solutions aimed only at codification and analysis of 
quantitative phenomena. Knowledge – including the creative one – is of qualitative nature, therefore to codify, to 
analyze, and to reason about it qualitative tools are needed. One of such tools is temporal logic, which enables to 
formalize qualitative knowledge, and also considers time. This tool is used to formalize knowledge in temporal 
knowledge bases. The detailed discussion on different temporal formalisms may be found e.g. in [18], [21] or [22]. 
All the above leads to conclusion that a knowledge base system is not enough to support organizational creativity, 
because classical knowledge bases do not support time. Therefore in this paper we propose the use of a temporal 
knowledge base system, as defined earlier. Such system is able to perform the tasks arising from the characteristics of 
organizational creativity and its artifacts. 
3. Tools for building temporal knowledge base systems 
A tool for temporal knowledge base system is expected to enable implementing knowledge base using a certain 
temporal logic, as well as implementing the system itself. Thus, it is possible to create such a system using a carefully 
selected programming language, or an intelligent system shell. 
There exist “classical” tools for creating expert systems (and a temporal KB system is in a sense an expert one). These 
include e.g. (more in this question may be found e.g. in [23]): 
x expert system shells, 
x environmental programs facilitating implementation of a system, 
x expert systems languages, e.g. Clips, 
x knowledge base programming languages, e.g. Lisp, Prolog, 
x algorithmic languages, e.g. C++, C#. 
As for shells, they have many advantages, that set creators free from laborious programming of e.g. reasoning 
engine. From the other hand, they have also embedded formal representation of knowledge, which does not 
accommodate temporal aspects of knowledge (to the best of our knowledge there are no shells possessing such a 
functionality). Thus using a shell to implement a temporal knowledge base system may be difficult or even impossible. 
It is easier to imagine using environmental programs, because these include e.g. computer graphics programs – 
facilitating for instance interface creation. 
Expert systems programming languages also do not fit to the task of developing a temporal knowledge base system. 
For instance Clips language – its internal mechanisms – performs only forward reasoning (it is not possible to 
implement a mixed strategy of forward and backward chaining). It also does not implement temporal knowledge. 
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Symbolic languages, as e.g. Prolog, may be used, principally to encode a knowledge base, but not in the original 
version, which does not support temporal operators. There are many other versions of Prolog, supporting idiosyncratic 
functions, for instance Prolog+CG, supporting conceptual graphs [24]. The author of this Prolog version is prof. Adil 
Kabbaj [25], who presently develops the Amine platform – an Open Source Java platform – dedicated to creation of 
different kinds of intelligent and/or agent systems [26]. Using Amine to develop a temporal knowledge base system 
would be an interesting research problem. 
The version of Prolog the most close – in a sense of tasks being performed – to the needs of developing the 
proposed temporal knowledge base system is the language Golog. 
In the group of algorithmic languages, e.g. C# or C++ may be considered. A well-known tool for building 
intelligent systems – the expert system shell named PC-Shell – has been developed with C++ [27]. Presently the 
AITECH Laboratory company, the developer of PC-Shell, is working on another system, written in C# (ibid.). 
Somewhat natural choice would be the high-level language Golog, because it has been created especially for 
programming actions previously formalized in Situation Calculus. Golog was first introduced in detail in [28] – with 
examples. Very illustrative examples of Golog-written applications may be found in [29]. Golog comes in several 
versions, adapted for specific purposes, among others [30]: 
x ConGolog (Concurrent Golog) – the version of language supporting concurrency, interruptions, and external 
actions, 
x IndiGolog (Incremental Deterministic (Con)Golog) – the high-level programming language, in which programs 
are incrementally executed to enable support for interleaved actions, planning, sensing, and external events. 
An easier option is to use a systems creation tool for intelligent systems, perhaps adapting it to the needs of 
organizational creativity. 
In the literature many of such tools are described. In the context of organizational creativity, the most worthy of 
attention are in our opinion: 
x the Mobucon tool [31], relying on the general architecture of the OS backbone implemented inside ProM 6. 
Mobucon monitors business processes, and reasons about them, using LTL linear temporal logic, and the event 
calculus. This idea may be adapted to monitoring of temporally changing organization’s situation; 
x the VMC tool [32] based on temporal logic, allowing description of groups of  product features in a product line, 
explicitly defining optional, alternative, desired, and mandatory features. It also provides a temporal reasoning 
engine. Because of its construction, this tool may serve as an inspiration to build a spectre of creative knowledge 
sub-bases, as it allows for a description knowledge chunks. 
In the context of Situational Calculus, and the Golog programming language, discussed earlier, the solutions 
proposed by [33], and [34] are worthy of attention. The authors of the first solution propose a Golog interpreter aimed 
at robot control, and robot actions planning, while the authors of the second solution present a project integrating 
planning (PDDL language) and the Golog language (precisely the IndiGolog version), in order to speed up the 
performance of a system written in Golog. These two proposals are interesting because they show how to use Golog, 
and temporal reasoning to solve such problems as e.g. creators’ collaboration. 
Unfortunately, there are no shells implementing Situational Calculus, Golog or one of its versions. Deciding to use 
this tool, it is necessary also to program the whole system with one of the languages mentioned earlier. 
The aforementioned Logos system is a temporal knowledge base system written in C#, in which the authors 
envisage implementation of temporal rules written in Situation Calculus. First information on construction and 
functionalities of the system was presented in [35]. Initially the system has been planned as a representation and 
reasoning tool for the legal domain, but as legal knowledge – similarly to creative one – is of temporal characteristics, 
there are no obstacles to generalize Logos in order to support organizational creativity. As the authors of [36] write, 
Logos reasoning system is constructed within the frame of the research project under the same name. During its 
development the experiences gained while building hybrid expert system shell called PC-Shell and artificial 
intelligence software package Sphinx are being used [37]. One of the assumptions of the Logos project is possibility 
of using it for different scientific researches and experiments, among others using it for building temporal knowledge 
base research prototype. Logos system in present version provides two modes of reasoning: one based on two-
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valued/binary logic and the second based on Stanford certainty factor algebra. So it enables us trying to build temporal 
knowledge base mapping human knowledge characterized by uncertainty.  
Similarly as in the case of the PC-Shell system, in the Logos system rich set of explanation facilities has been 
implemented, among others: HOW, WHY, so called metaphors describing selected rules in knowledge base and 
WHAT IS. This set of explanation facilities allows to use the Logos system also in the role of expert system shell, 
because in authors opinion explanations are one of the key features of the paradigm of expert systems. 
Summing up, it seems that taking into account the specificity of the tasks of supporting organizational creativity, 
developing a temporal knowledge base system would require to use some experiences from the aforementioned 
implementations, principally those using Situation Calculus and Golog language. 
4. Concluding remarks 
The paper presented several various tools may be considered for the process of building a temporal knowledge 
base system aimed at supporting organizational creativity. These tools encompassed both programming languages, 
and expert system shells. Advantages and disadvantages of them were pointed out. 
Taking into account the requirements concerning the system, and primarily its full temporality requirement, the 
Logos tool has been pointed out as a possible solution, after augmenting its functionalities with temporal aspects 
encoded using the Golog language.  
Future research will concern further development of the Logos system. This will concern such questions, as 
formalization of creative knowledge in the Situation Calculus, then formalization in the Golog language, as well as 
research on developing a simplified temporal language originating from Situation Calculus, which would be easier to 
learn for potential Logos users, than the Prolog-based language Golog. 
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